OBJECTIVE: To explore relationships between body mass index (BMI, kgam 2 ) and indicators of health and well-being in young Australian women. DESIGN: Population based cohort study Ð baseline cross sectional data. SUBJECTS: 14,779 women aged 18 ± 23 who participated in the baseline survey of the Australian Longitudinal Study on Women's Health in 1996. MEASUREMENTS: Self-reported height, weight, medical conditions, symptoms and SF-36. RESULTS: The majority of women (68%) had a BMI in the range 18.5 ±`25; 12% had a BMI`18.5; 14% had a BMI in the range 25 ±`30 and 6% had a BMI !30. After adjustment for area of residence, age, education, smoking and exercise, women in the highest BMI category (!30) were more likely to report hypertension, asthma, headaches, back pain, sleeping dif®culties, irregular periods, and more visits to their medical practitioner. They were also more likely to have given birth at least once, and less likely to report`low iron'. Women with low BMI (`18.5) were more likely to report irregular periods and`low iron'. Mean scores on the SF-36 sub-scales for physical functioning, general health and vitality were highest for women with BMI in the range 18.5 ± 25. CONCLUSION: Acknowledging the limits of the cross-sectional nature of the data, the results show that the deleterious effects of overweight can be seen at a comparatively young age, and that BMI`25 is associated with fewer indicators of morbidity in young women. However, as BMI`18.5 is associated with low iron and irregular periods, care should be taken when developing strategies to prevent overweight in young women, not to encourage women with healthy weight to strive for a lower BMI.
Introduction
In the 1960s healthy weight was de®ned as`usual' or normative weight in a population, with values between the 15th and 85th percentile considered`healthy'. 1 As populations in developed countries became heavier, ideal' weights, based on desirable weight for minimal mortality, were introduced. The best known of these, the 1983 Metropolitan Life Insurance tables, suggest that mortality risk begins to rise at a body mass index (BMI) of 27.8 kgam 2 for men and 27.3 kgam 2 for women. 2 It has, however, been suggested that tables of desirable weight rely too heavily on mortality and ignore functional status and quality of life, and that there should be more attention paid to the physical, mental and social consequences of weight. 1 Using data from the baseline survey for the middleaged (45 ± 50 y) cohort of the Australian Longitudinal Study on Women's Health, we recently explored associations between BMI and a range of indicators of morbidity, including symptoms, health care use and quality of life. 3 The results supported the bene®ts of leanness in terms of reducing the risks of cardiovascular disease, diabetes and gall bladder disease, and of improving quality of life. Lowest self-reported prevalence of symptoms and levels of health care use, and highest scores on the Medical Outcome Study's (MOS) functioning and well-being pro®le (SF-36) 4 were found for middle-aged women with a BMI between 20 and 25 kgam 2 . This ®nding concurs with the current healthy BMI ranges for middle-aged women de®ned in the US Dietary Guidelines (21 ± 27 kgam 2 ), 5 and by the Australian National Health and Medical Research Council (NHMRC, 6 20 ± 25 kgam 2 ). However, support for being lean was tempered in our study by the ®nding that BMI below about 19 was associated with decreased vitality, increased tiredness, poorer mental health and increased use of health services. As few women (938 or 7% of the cohort) had BMI in the`underweight' category (`20 kgam 2 ), we were unable to explore the issue of underweight in detail.
However, among the cohort of young women who are participating in the same longitudinal study, more than one-quarter have BMI`20 kgam 2 . These women were aged 18 ± 23 at the time of the baseline survey in 1996, and their data provide the opportunity to explore the issue of healthy weight for young women, in terms of concurrent morbidity and well-being. Most current guidelines suggest both a lower and upper limit for healthy BMI in young women. For example, the US guidelines suggest a healthy BMI range for young women of 19 ± 25, 5 This may, however, be inappropriate for young women, in whom there is currently a preoccupation with thinness. There may be bene®t in de®ning a lower range of BMI for good health in this population group, because there is evidence to suggest that dieting contributes to poorer mental and possibly physical health. 9, 10 Although the current US Dietary Guidelines suggest that BMI`19 kgam 2 (15th percentile) may be associated with increased risk of poor health, 5 the speci®c health effects of low weight remain unclear, as they are often confounded by ill subjects. Among young women, there is nonetheless evidence to suggest that fertility 11, 12 and bone density 13 are compromised when BMI is below 17.5. A minimum proportion of body fat (about 17%) is required to initiate menarche, and then to maintain fertility (22%).
14 Underweight prior to and during pregnancy is associated with low birth weight, anemia, obstetric complications, and premature birth. 15, 16 Another possible complication of low weight and menstrual disturbance in young women is osteopenia, 13 which can develop into osteoporesis. 17 In general, however, most research in this area has focussed on the ill-health effects of overweight in younger women.
In this paper we explore the relationships between BMI and indicators of health and well-being among 14,779 young women (18 ± 23 y) who are participating in the Australian Longitudinal Study on Women's Health (ALSWH). Following initial exploration of the associations between BMI and selected indicators of health and well-being which are relevant for this age group, we assess the distribution of women among six categories of BMI, and the associations between BMI and various socio-demographic characteristics. The prevalence of morbidity with categories of BMI, de®ned according to WHO guidelines 7 is then determined, after adjustment for confounders such as level of education and smoking.
Methods

Study sample
The WHA project commenced in 1996, when 41,500 women in three age cohorts (young women aged 18 ± 23, middle-aged women aged 45 ± 50 and older women aged 70 ± 75 y) responded to a questionnaire which requested information about a wide range of health-related issues. The sampling frame was women registered on the national Medicare database, which includes almost all people who are resident in Australia, including immigrants and refugees. Subjects were randomly selected, with over-sampling from rural and remote areas, and were invited to participate in this study, which is designed to run for 20 y. There were no exclusion criteria.
There were 14,762 participants in the baseline survey for the Young Cohort. The response rate was about 41%. As the Medicare database may include young women who have moved from their Medicare address, who are no longer living in Australia, or who have changed their names, we cannot be certain that all the invited women received their invitation to participate. The denominator for calculation of response rates cannot therefore be accurately assessed. Also, because privacy restrictions precluded the researchers from knowing any information about the selected women until they had agreed to participate, the usual methods of encouraging participation, such as by telephoning, were not possible. Despite these logistic dif®culties, the response rate compares well with other longitudinal studies which have asked for a long-term commitment. 18 Details of the methods used have been described elsewhere. 18 
Questionnaire
The questionnaire requested information about demographic characteristics: medical history (eg have you ever been told by a doctor that you have F F F hypertension, low iron level, asthma? Do you suffer from any of the following symptoms F F F headachesamigraine, back pain, irregular monthly periods, dif®culty in sleeping?); use of health service (eg how many times in the last twelve months did you visit your GP (general practitioner or family doctor?); current height and weight; health behaviours (eg current and past cigarette smoking, amount and frequency of alcohol consumption, current levels of exercise); reproductive history (how many times have you F F F been pregnant F F F had a miscarriage F F F given birth to a child?); and the MOS SF-36 health survey. The SF-36 was used to measure physical and mental well-being. It relates to eight different health domains: physical functioning (PF, 10 items); role limitations due to physical (RP) or emotional (RE) problems (four items each); bodily pain (BP, two items); general health perceptions (GH, ®ve items); vitality (VT, four items); social functioning (SF, two items); and emotional well-being or mental health (MH, ®ve items). 19 
Data analyses
BMI was calculated using self-reported height and weight (BMI weight in kgasquare of height in Healthy weight for young women WJ Brown et al meters). Subjects whose weight or height information was missing (n 1694) or who were pregnant (n 438) were excluded from the analyses.
Percentages of women reporting selected medical conditions, symptoms and more than ®ve visits to a GP in the last year, were then calculated for women within unit intervals of BMI: 15.5 (labeled as 15); 15.6 ± 16.5 (labeled as 16); 16.6 ± 17.5 (17); F F F 39.6 ± 40.5 (40); !40.6 (41). These data were weighted to correct for the oversampling of women from rural and remote areas. Trend curves were then estimated using locally weighted regression, 20 implemented via thè lowess' function in SPLUS. 21 As fewer than 6% of the sample had BMI of 30 or more, and most of the graphs showed wide variability above this level of BMI, data from women with a BMI b30 were included in the BMI 30 category. (Each line in Figure 1 therefore represents the ®tted curve for about 13,000 data points, but with variations in the exact numbers due to missing data for some items.)
BMI was then categorized according to the recommendation of the WHO 7 as:`17; 17 ±`18.5; 18.5 ± 20; 20 ±`25; 25 ±`30; !30; and analysis of variance and w 2 statistics were used to explore the relationships between these BMI categories and selected sociodemographic and health behaviour variables. With the exception of age and exercise, the latter were treated as ordinal explanatory variables. Area was categorized as urban',`rural' or`remote'; 22 and education level as`no formal quali®cation',`completed high school',`post school certi®cateatrade apprenticeshipadiploma' or university degree'. Five categories of smoking were used:`never smoked';`former smoker';`now smoke fewer than 10 cigarettes a day';`now smoke 10 ± 19 cigarettes a day'; and`now smoke 20 or more cigarettes a day'. Alcohol consumption was categorized as`nondrinker',`rarely drink',`low harm' (up to two standard drinks per day),`hazardous' (two to four standard drinks per day), and`harmful' (more than four standard drinks per day). Level of exercise was determined from self-reported frequency of engaging in`vigorous', and less-vigorous' exercise. Responses of`never';`once a week';`two or three times per week';`four to six times per week';`once every day', and`more than once every day' were scored 0, 1, 2.5, 5, 7 and 10 respectively to approximate weekly frequencies of exercise, with a weighting of 5 (vigorous) and 3 (less vigorous) to re¯ect exercise intensity. The resulting score was treated as a continuous variable. Births were categorized as`never given birth' and`given birth once or more', and miscarriages were categorized as`never miscarried' or miscarried at least once'.
Crude odds ratios (OR) and 95% con®dence intervals (CI) were estimated for each of the conditions, symptoms and number of GP visits using multiple logistic regression, with BMI from 20 to`25 as the reference category. All ORs were then adjusted for age, area of residence, education, smoking and exercise and the OR for irregular monthly periods was also adjusted for the use of the oral contraceptive pill (OCP, categorized as`currently taking OCP' and not currently taking OCP').
Means and CIs for the eight sub-scales of the SF-36 were calculated for each BMI category, using the least square means option of the general linear models procedure of SAS. 23 All means were adjusted for confounding variables as described above. Pair-wise comparisons of the mean SF-36 sub-scale and summary scores were performed, for women with a BMI between 20 and`25, compared with each of the other BMI categories. Bonferroni corrections were used to reduce the effects of in¯ated type 1 errors due to multiple comparisons.
Results
Selected socio-demographic characteristics of the women (adjusted for geographic location to correct for over-sampling of women from rural and remote areas) are shown in Table 1 , with corresponding data from the 1996 census. 24 The proportions of women in full-time work and with no post-school quali®cations were similar in the cohort and the census. There was, however, under-representation of women born outside Australia (particularly those born in Asia). Comparisons in other categories are dif®cult due to the high proportion categorized as`otheranot stated' in the census data (see Table 1 ).
The means ( AE standard deviation) for height, weight and BMI for the 13,131 subjects who provided this information were 166.3AE 7.7 cm, 62.6 AE 12.7 kg and 22.7 AE 4.7 kgam 2 , respectively. 
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The associations between BMI (expressed as a continuous variable) and prevalence of speci®c medical problems (hypertension, low iron level, and asthma), symptoms (headachesamigraine, back pain, irregular monthly periods and dif®culty in sleeping) and high use of GP services (de®ned as more than ®ve consultations per year), are shown in Figure 1 . The prevalence of hypertension increased consistently as BMI increased above a level of about 20 kgam 2 . The curves for asthma, headaches, back pain, irregular periods, dif®culty sleeping and GP visits showed`J' shaped curves, with the lowest prevalences occurring around BMI 20 ± 22 kgam 2 . In contrast the prevalence of low iron decreased with increasing BMI (see Figure 1) .
The proportion of women in each BMI category, and the distribution of socio-demographic variables across the BMI categories are shown in Table 2 . Women from remote areas, those with no job and those who had given birth at least once were overrepresented in the highest BMI categories (!25 kgam 2 ). In contrast, there was greater representation of smokers in the two lowest BMI categories.
While the relationship between prevalence of miscarriage among women who reported having been pregnant at least once, and BMI category, was not statistically signi®cant, a noteworthy trend was evident. The rate of miscarriage among women in the lowest BMI category was 35% compared with 22% across the other categories (Fisher's exact test for difference, P 0.014).
The adjusted odds ratios for each of the variables shown in Figure 1 , for the six BMI categories, are shown in Table 3 . Relative to the reference category of BMI between 20 and 25, the prevalence of hypertension, asthma, headaches or migraines, and ®ve or more GP visits increased progressively in each BMI category greater than 25 (Table 3) . Women with BMI !30 were also more likely to report back pain, irregular periods and dif®culty in sleeping. The only symptom which was signi®cantly associated with low BMI was irregular periods, which was more commonly reported by women with BMI`20 kgam 2 . Among the conditions, odds ratios for low iron levels were also higher among women with low Only women who reported being pregnant at least once are included.
Healthy weight for young women WJ Brown et al BMI, and declined steadily as BMI increased. Women who had given birth at least once were over-represented in the categories of higher BMI (see Table 3 ). The relationships between BMI and SF-36 scores are shown in Figure 2 . For the physical health subscales, mean scores were highest for BMI of 17 ± 25, and for the mental health sub-scales, mean scores were highest between 18.5 and 25 kgam 2 . Relative to the reference scores for BMI 20 ± 25, scores for physical functioning (PF), general health (GH) and vitality (VT) were statistically signi®cantly lower when BMI was b25 kgam 2 . Mean scores for women with BMI below 20 were not signi®cantly different from the mean scores for women with BMI 20 ± 25 for Odds ratios also adjusted for use of oral contraceptive pill.
Healthy weight for young women WJ Brown et al any of the sub-scales, although there were suggestive trends, with much greater variability in the scores for women with BMI`18.5 (see Figure 2 ).
Discussion
The results presented here show that BMI`25 kgam 2 is associated with fewer indicators of morbidity in young Australian women. Higher BMI was associated with increased reporting of hypertension, asthma, headaches, back pain, irregular monthly periods, dif®culty in sleeping and use of GP services, as well as with lower scores for the physical functioning, general health and vitality sub-scales on the SF-36. Although our initial analysis of BMI by single unit intervals suggested that there may also be greater morbidity among women with BMI below about 19 kgam 2 , we were unable to con®rm this when BMI was categorized and adjusted for confounding variables, because of the high variability of responses among women in the low BMI categories. The only exceptions were that women in the lowest BMI categories were more likely to report menstrual irregularities and low iron. While underweight and less frequent menstruation are probably linked through hormonal mechanisms, 14 low iron and more frequent Figure 2 Means (and 95% CI) for the eight sub-scales of the SF-36 for each of six BMI categories in women aged 18 ± 23. All means are adjusted for confounding variables as described in Table 3 . Asterisks indicate signi®cant difference from the mean for BMI 20 ± 25 (pairwise comparisons after Bonferroni correction for multiple comparisons, *P`0.05; **P`0.001).
Healthy weight for young women WJ Brown et al menstruation may also be directly related through excessive menstrual blood loss. 25 It is also possible that low iron is an indicator of lower dietary iron intake or absorption, and additional work by our research group suggests that thin young women commonly restrict their intake of iron-rich foods such as red meat. 26 The ®nding of a possible link between very low weight and miscarriage rate is consistent with other work on fertility and underweight. 12 However the lack of an association between higher BMI and miscarriage is at odds with previous ®ndings of fertility problems in overweight women. 27 Given that the age range of the women in this cohort is below the contemporaneous mean age for ®rst-time mothers in Australia (26.6 y) 28 and that fewer than one in ®ve of the women had ever been pregnant, it is likely that these ®ndings will be clari®ed through the follow-up surveys on this cohort, as more women become pregnant and experience miscarriage.
The results also con®rm that body weight is associated with socioeconomic factors. Even at this young age, the problem of overweight is greatest among those who are most disadvantaged in terms of education and occupation. The consequences for those young women who are already overweight may be compounded by further social and economic outcomes such as poorer job prospects due to discrimination, or poorer job performance due to health problems. 29 ± 31 This longitudinal study has the potential to track the accumulating risks for these overweight young women in terms of both health and social disadvantage.
A major limitation of this study is that all the information, including the height and weight measurements, and data on symptoms, conditions and GP use, were self-reported. However, the reported use of GP services in this study has been shown to be consistent with more objective Health Insurance Commission (HIC) data. (The HIC is the Australian government's central database for recording use of health services.) 32 The second limitation of this study relates to the cross-sectional nature of the data. As they are baseline data for a prospective cohort study, over the next 20 y there will be the opportunity to explore the role of BMI in predicting changes in both physical and mental health. However, at this stage we cannot make any comment about causality.
The study sample was drawn from a national population database, without exclusion of the very sick or in®rm. Although the response rate may appear to be low, it is as good or better than other studies of this nature, which have requested a long-term (20 y) commitment. 18 There is, however, likely to have been some response bias, as illustrated by the comparison with the census data. The important issue is that the participants are reasonably similar to women of the same age in the general population, with respect to several socio-demographic characteristics, 24 height and weight, and health behaviours such as smoking and physical activity levels. 33 The over-representation of women with higher levels of education may mean that the prevalence of overweight and obesity in this group is underestimated. The multivariate analyses were, however, adjusted for any effects of education. Any bias resulting from our intentional over-selection of women from rural and remote areas of Australia (which was done because we wanted good estimates of health status for women living in these areas) was also corrected for in the analyses.
In general, the results presented here support the move towards de®ning`healthy' BMI as`25 kgam 2 . They support the view that the health consequences of overweight are not con®ned to cardiovascular problems, and con®rm that the deleterious effects of overweight can be seen at a comparatively young age. The ®ndings are also suggestive of adverse consequences of low BMI, especially in relation to reproductive health. Because of this, we would like to see the establishment of a range for healthy BMI in young women (which includes a lower limit as well as an upper one) so that, in our efforts to prevent the development of overweight and obesity, we do not encourage young women with a healthy weight to strive for very low BMI.
The ®ndings of this study provide empirical evidence on which to develop health promotion and primary prevention programs for this age group. If prevention of weight gain can be achieved, the ill effects of overweight and obesity might be avoided. Our data suggest that prevention strategies need to be targeted to the most educationally disadvantaged sectors of population, to women in unskilled or manual occupations, and to young mothers.
